Abstract: Objective: Depression is a psychiatric disorder associated with poorer health outcomes. Inappropriate mechanical stress and aging are factors associated with developing cervical spondylosis. The connection between cervical spondylosis and depression is not developed. Methods: From the health insurance claims data of Taiwan, we identified 34,166 persons newly diagnosed with depression in 2000-2010 and 34,166 persons without the disorder frequency matched by sex, age and diagnosis year. Both cohorts were followed up to the end of 2013 to estimate incident cervical spondylosis. We further examined the risk of cervical spondylosis in depressed people taking antidepressants. Results: The incidence of cervical spondylosis was 1.8-fold greater in the depression cohort than in comparison cohort (9.46 vs. 5.36 per 1000 person-years), with an adjusted hazard ratio (aHR) of 1.79 (95% confidence interval (CI) = 1.66-1.92). The incidence of cervical spondylosis increased in patients who had taken medications of serotonin-specific reuptake inhibitors (SSRIs) or of non-SSRIs than in those without these medicines (9.13 or 11.5 vs. 6.54 per 1000 person-years, respectively). Conclusions: Patients with depression are at an increased risk of developing cervical spondylosis. Additional efforts in reducing the risk of cervical spondylosis might be required in depressed individuals undergoing anti-depressive therapy.
Introduction
Cervical spondylosis is a progressive degenerative disease of the cervical vertebral bodies and intervertebral discs in the neck, encompassing various clinical neurological presentations [1, 2] .
The insurance system provides health care coverage to more than 99% of 23.74 million residents in Taiwan. This retrospective cohort study used a big dataset from Longitudinal Health Insurance Database 2000 (LHID2000), containing data on 1 million beneficiaries randomly selected from NHIRD. Details of Taiwan's National Health Insurance (NHI) program and LHID 2000 have been reported in previous studies [22, 23] . International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were used to define diseases.
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Ethics Statement
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Study Population
We identified patients aged ≥18 years with newly diagnosed depression (International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 296.2, 296.3, 300.4, and 311) from 1 January 2000 to 31 December 2010, from the data of LHID 2000. The date of the first diagnosis was considered the index date. We excluded patients with the history of cervical spondylosis (ICD-9-CM 721.0 and 721.1) at baseline. Logistic regression model was used to calculate propensity scores for patients with depression as a function of the background variables including sex, age (five-year spans), monthly income (<NT$15,000; NT$15,000-NT$19,999; and ≥NT$20,000), comorbidities of diabetes (ICD-9-CM 250), hypertension (ICD-9-CM 401-405), hyperlipidemia (ICD-9-CM 272), CAD (ICD-9-CM 410-414), chronic obstructive pulmonary disease (COPD; ICD-9-CM 491, 492, and 496), stroke (ICD-9-CM 430-438), chronic kidney disease (ICD-9-CM 585), cirrhosis (ICD-9-CM 571), and head injury (ICD-9-CM 310.2, 800, 801, 803, 804, 850-854, and 959.01); and the year of the index date (Table 1) . We further identified from people without depression history to establish the comparison cohort, frequency matched (1:1 ratio) by the propensity score of people with depression through nearest neighbor matching. Matches started within a caliper width of 0.0000001, and increased until for unmatched cases to 0.1. Greedy algorithm was used to perform a rematch for optimal choice [24] . All individuals in both cohorts were followed until the diagnosis of cervical spondylosis, or censored for loss to follow-up, withdrawal from the insurance program, death, or the end of 2011 ( Figure 1 ). The follow-up person-years were calculated for each person in the study cohorts. The adherence and efficacy of this reimbursement procedure and NHI program had been discussed and addressed formally [22] . The diagnosis of depression and cervical spondylosis in NHIRD would be convincible since many associated studies have been published [25] [26] [27] [28] [29] . All individuals in both cohorts were followed until the diagnosis of cervical spondylosis, or censored for loss to follow-up, withdrawal from the insurance program, death, or the end of 2011 ( Figure 1 ). The follow-up person-years were calculated for each person in the study cohorts. The adherence and efficacy of this reimbursement procedure and NHI program had been discussed and addressed formally [22] . The diagnosis of depression and cervical spondylosis in NHIRD would be convincible since many associated studies have been published [25] [26] [27] [28] [29] . 
Statistical Analyses
Distributions of baseline sociodemographic status and comorbidities were compared between the depression cohort and the non-depressive comparison cohort. The standardized (mean) difference is used to measure the distance of both continuous and categorical variables between two cohorts [30] . We used the Kaplan-Meier method to estimate and plot the cumulative incidence of subsequent cervical spondylosis, and used the log-rank test to examine the difference between the two curves of two cohorts [31] . The incidence density rates of cervical spondylosis were calculated by stratified covariates: age, sex, monthly income, and comorbidities. The incidence rate was calculated using the number of cervical spondylosis events divided by the sum of the follow-up person-time (per 1000 person-years). Cox proportional hazards regression analysis was used to 
Distributions of baseline sociodemographic status and comorbidities were compared between the depression cohort and the non-depressive comparison cohort. The standardized (mean) difference is used to measure the distance of both continuous and categorical variables between two cohorts [30] . We used the Kaplan-Meier method to estimate and plot the cumulative incidence of subsequent cervical spondylosis, and used the log-rank test to examine the difference between the two curves of two cohorts [31] . The incidence density rates of cervical spondylosis were calculated by stratified covariates: age, sex, monthly income, and comorbidities. The incidence rate was calculated using the number of cervical spondylosis events divided by the sum of the follow-up person-time (per 1000 person-years). Cox proportional hazards regression analysis was used to estimate the depression cohort to the comparison cohort hazard ratio (HR) and related 95% confidence interval (CI) [32, 33] . Multivariable analysis was used to estimate the adjusted hazard ratio (aHR) and related 95% CI. Further data analysis assessed the treatment effectiveness of antidepressants to evaluate the therapeutic role of serotonin-specific reuptake inhibitors (SSRIs) inclusive of fluoxetine, fluvoxamine, paroxetine, sertraline, citalopram, and escitalopram; non-SSRIs inclusive of amitriptyline, clomipramine, desipramine, doxepin, imipramine, and nortriptyline; monoamine oxidase inhibitors (MAOIs; tranylcypromine, phenelzine, selegiline, and isocarboxazid); heterocyclic antidepressants (nefazodone and trazodone); and others (bupropion, venlafaxine, and mirtazapine) in the cervical spondylosis development. The Bonferroni adjustment was used in multiple comparisons. All data analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). All tests were two-tailed, and results with p < 0.05 were considered statistically significant.
Results
The study population consisted of 34,166 patients in the depression cohort and 34,166 persons in the nondepression cohort, over 60% were women and near 60% aged <50 years ( Table 1) . The distributions of sociodemographic status and comorbidities were not different between the two cohorts.
After mean follow-up periods of 6.20 ± 3.23 and 6.28 ± 3.18 years for the depression and nondepression cohorts, respectively, the cumulative incidence of cervical spondylosis was 3.89% higher in the depression cohort than in the nondepression cohort (9.28% vs. 5.39%; log-rank test p < 0.001; Figure 2 estimate the depression cohort to the comparison cohort hazard ratio (HR) and related 95% confidence interval (CI) [32, 33] . Multivariable analysis was used to estimate the adjusted hazard ratio (aHR) and related 95% CI. Further data analysis assessed the treatment effectiveness of antidepressants to evaluate the therapeutic role of serotonin-specific reuptake inhibitors (SSRIs) inclusive of fluoxetine, fluvoxamine, paroxetine, sertraline, citalopram, and escitalopram; non-SSRIs inclusive of amitriptyline, clomipramine, desipramine, doxepin, imipramine, and nortriptyline; monoamine oxidase inhibitors (MAOIs; tranylcypromine, phenelzine, selegiline, and isocarboxazid); heterocyclic antidepressants (nefazodone and trazodone); and others (bupropion, venlafaxine, and mirtazapine) in the cervical spondylosis development. The Bonferroni adjustment was used in multiple comparisons. All data analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). All tests were two-tailed, and results with p < 0.05 were considered statistically significant.
The study population consisted of 34,166 patients in the depression cohort and 34,166 persons in the nondepression cohort, over 60% were women and near 60% aged <50 years ( Table 1 ). The distributions of sociodemographic status and comorbidities were not different between the two cohorts.
After mean follow-up periods of 6.20 ± 3.23 and 6.28 ± 3.18 years for the depression and nondepression cohorts, respectively, the cumulative incidence of cervical spondylosis was 3.89% higher in the depression cohort than in the nondepression cohort (9.28% vs. 5.39%; log-rank test p < 0.001; Figure 2 ). The overall incidence of cervical spondylosis was 76% higher in the depression cohort than in the nondepression cohort (9.46 vs. 5.36 per 1000 person-years), with an adjusted hazard ratio (aHR) of 1.79 and 95% confidence interval (CI) of 1.66-1.92 ( Table 2 ). The incident cervical spondylosis was higher in women and older groups in both cohorts. However, the age specific depression cohort to non-depression cohort HR was the highest in the young group. The incidence increased further in those with comorbidities. In the study population without comorbidity, the aHR of cervical spondylosis was 2.41 (95% CI = 2.08-2.81) for the depression cohort. The overall incidence of cervical spondylosis was 76% higher in the depression cohort than in the nondepression cohort (9.46 vs. 5.36 per 1000 person-years), with an adjusted hazard ratio (aHR) of 1.79 and 95% confidence interval (CI) of 1.66-1.92 ( Table 2 ). The incident cervical spondylosis was higher in women and older groups in both cohorts. However, the age specific depression cohort to non-depression cohort HR was the highest in the young group. The incidence increased further in those with comorbidities. In the study population without comorbidity, the aHR of cervical spondylosis was 2.41 (95% CI = 2.08-2.81) for the depression cohort. Table 3 shows that the incidence and HRs of cervical spondylosis associated with comorbidities estimated using the pooled data of the two cohorts. The incidence was the highest in people with CAD, 2.3-fold higher than people without (13.9 vs. 6.05 per 1000 person-years), with an aHR of 1.46 (95% CI = 1.33-1.60). Hyperlipidemia, COPD, asthma, cirrhosis and head injury were also significant factors associated with developing cervical spondylosis. Among patients with depression, 71.2% received SRRI medications and 22.1% were on non-SRRI medications ( Table 4 ). The incidence of cervical spondylosis was slightly lower in the SRRI group than in non-SRRI group, but much greater than those without medication (9.13, 11.5 vs. 6.54 per 1000 person-years, respectively). Further data analysis revealed that patients who had taken these medicines were cases with severe condition of depression. SSRI, serotonin-specific reuptake inhibitors; Rate # , incidence rate, per 1000 person-years; Adjusted HR † , mutually adjusted for age, sex, monthly income, and co-morbidities of diabetes, hypertension, hyperlipidemia, coronary artery disease (CAD), chronic obstructive pulmonary disease (COPD), asthma, stroke, chronic kidney disease (CKD), cirrhosis, and head injury in Cox proportional hazards regression. Adjusted SHR & , mutually adjusted for age, sex, monthly income, and co-morbidities of diabetes, hypertension, hyperlipidemia, coronary artery disease (CAD), chronic obstructive pulmonary disease (COPD), asthma, stroke, chronic kidney disease (CKD), cirrhosis, and head injury in Cox proportional hazard model with competing risks. "Event" means the number of cervical spondylosis that occurred. * p < 0.0125. ** p < 0.017.
Discussion
Our findings demonstrated that individuals with a depressed mood are at an elevated risk of developing cervical spondylosis. The state of low mood can affect individual's sense of well-being, leading to poor health outcomes and quality of life [16, 17] . This disorder could induce aging because of underlying comorbidities and less physical activity [34] . Patients may have improper posture for an extended period that leads to the development of cervical spondylosis [18] . Canales et al. proved that patients with major depression experience posture change such as head flection and thoracic kyphosis during episodes of depression [35] . Furthermore, Rosario et al. also reported that depression is significantly associated with inclination of the head and shoulders as well as protrusion of the shoulders [36] . The vertebral cortex is thus remodeled over time leading to the osteophyte formation at the endplates of the adjacent vertebral body [18] . Another explanation is that patients with depression are more likely to seek medical care, and thus the detection rate of cervical spondylosis in these patients is higher than that in patients without depression [37] . Since cervical spondylosis is a pathoanatomic description based on imaging diagnosis, it is possible that cervical spondylosis may exist before the diagnosis of depression. On the other hand, the neck pain of cervical spondylosis can also lead to depression. However, the possibility would be negligible that a patient who has symptomatic, painful cervical spondylosis might be diagnosed with depression prior to diagnosis of cervical spondylosis.
It is also possible that depression increases the discomfort sensation of cervical spondylosis rather than directly causes anatomic deformity of cervical spine. Depression may lead to more sedentary lifestyle with less exercise, thus muscle deconditioning, spinal pain and deformity may occur. Symptomatic cervical spondylosis may thus become more prevalent and is easily diagnosed in depression patients. Treatment for depression includes psychosocial therapy, medication therapy, and other associated supports. Medications, either SSRI or non-SSRI, are often prescribed for patients with depression when psychosocial therapy and associated natural treatments have not relieved the symptom. Patients who had taken these medicines were cases with a larger amount of medicine, which indicated a severe condition of depression. Our data support the study hypothesis that depression patients need medication treatment are at a higher risk of cervical spondylosis.
This study was strengthened by using a large population data to conduct a propensity score matched retrospective cohort study, which evaluated not only the risk of cervical spondylosis but also treatment effectiveness of medication for patients. The novel finding in the present study is that patients taking medications for depression are at a higher risk of cervical spondylosis than patients without the medications. This finding indicates that the risk of cervical spondylosis is elevated in those who had more severe depression. Both SSRIs and non-SSRIs might relieve feelings of sadness associated with depression, while the risk of cervical spondylosis is not reduced. As currently known [20] , anti-depressants were not involved in pathogenesis of cervical spondylosis. Our study might not be interpreted as that use of anti-depressants was associated with increased risk of cervical spondylosis. Therefore, in addition to medication, reinforcing biofeedback with postural training or identifying the aging tendency or possible mechanical stress might provide protective strategy for reducing cervical spondylosis in patients with depression. Additional studies are required to examine the benefits of postural training in reducing the risk of cervical spondylosis in patients with depression. Clinicians also need to be cautious about interpreting the somatization of cervical spondylosis for providing state-of-the-art orthopedic therapy for depressive patients.
Limitations
Several limitations should be mentioned. First, some potential risk factors for cervical spondylosis, including smoking status [38] , detailed occupational history and inherited diseases, are unavailable in NHIRD. We considered lifestyle-related disease, monthly income, and major organ diseases as proxies for these potentially confounding variables. Second, information on X-ray, computed tomography imaging, and magnetic resonance imaging (MRI) findings of cervical spine was unavailable in the claims data. We, therefore, could not evaluate the severity of cervical spondylosis. Third, disease identification was based on ICD-9 coding registered in NHIRD, thus the accuracy of coding would be possible bias. However, the insurance system requires medical reimbursement specialists to review insurance claims to reduce errors. Several previous studies on depression or cervical spondylosis have proved that the ICD-9 codes are reliable [22] [23] [24] [25] [26] [27] [28] [29] 39] . Fourth, this study was prone to medical surveillance bias. Patients are more likely to complain neck pain and other posture related disorders, which may increase the diagnosis of cervical spondylosis. Our data show that younger group are more likely to have the diagnosis compared with their controls. The possibility of type I error might exist that depression and cervical spondylosis were incidentally detected as a result of a larger analysis. Further, SSRI medications have been reported to be associated with an elevated risk of fractures in the elderly [40] . Antidepressants are also used for other indications such as eating disorders and pain [41] [42] [43] , thus some bias may occur.
In conclusion, the present study showed that patients with depression have an elevated risk of developing cervical spondylosis. This risk is reduced slightly in those who take SSRI medicines compared to those who take non-SSRI medicines, but is higher than those who do not use the medication. This large-scale population based retrospective cohort study provides clinical information that may be useful in the prevention of cervical spondylosis for patients with depression. Further research is needed to ascertain whether postural training would be beneficial for maintaining stability of the cervical spine in patients with depression. Additional research is warranted to investigate the biological rationale for this association. Funding: This research received no external funding.
